The use of a wettable powder of prochloraz-manganese complex (50% a.i.) resulted in satisfactory control of the two major fungal pathogens of cultivated mushrooms in South Africa, viz. Verticil/ium fungicola var. fungico/a, the cause of 'dry bubble', and Mycogone perniciosa, the cause of 'wet bubble'. These results were obtained on commercial mushroom farms as well as with artificially inoculated mushroom beds in pilot cultivation experiments at the University of Pretoria. Two fungicide applications were made for each crop viz. 1,5 g a.i. m -2 nine days after casing and a similar application at the end of the first break. In vitro activity of the fungicide on the two pathogens was determined. For V. fungicola the ED50 value of the fungicide was ca. 2 mg dm-3 and forM. perniciosa it was less than 0,01 mg dm -3 . The fungicide was found to be non-toxic to the mushroom. When applied at the recommended dosage rate the fungicide gives acceptably low crop residues.
Introduction
Since its release in Europe in 1969 the fungicide Benomyl [methyl 1-(butylcarbamoyl)-2-benzirnidazolecarbamate] proved to be highly successful in controlling the major fungal pathogens of the commercially cultivated mushroom, Agaricus bisporus (Lange) lmbach. It gave excellent control of Verticillium jungicola (Preuss) Hassebr. var. jungicola, the most common pathogen causing the disease 'dry bubble' (Snel & Fletcher 1971; Holmes eta/. 1971; Gandy 1972) . Widespread tolerance to this fungicide, however, appeared rapidly after the extensive use of Benomyl on European mushroom farms . Even strains of V. fungicola resistant to Benomyl were noticed (Bollen & Van Zaayen 1975) . According to Wuest et at. (1974) this apparently resulted from selection of carbendazim-tolerant strains occurring naturally in wild populations. The widespread occurrence of benomyl-resistant strains of this serious mushroom pathogen initiated renewed interest in research aimed at finding suitable alternative fungicides . Gandy & Spencer (1976) reported on a new fungicide, chlorothalonil (Daconil) , that successfully controlled Mycogone perniciosa Magn., the cause of 'wet bubble' of mushrooms. However, it did not have a detrimental effect on V. fungicola, and thus the search continued. In 1978 Rucklidge suggested that another benzimidazole fungicide, thiabendazole {TBZ), might be effective in the control of the latter pathogen. Fletcher (1981) found that this was indeed the case. Thiabendazole proved to be successful in the control of most fungal pathogens of the cultivated mushrooms in South Africa (Bicker 1984) and it is at present the only fungicide registered by the Department of Agriculture and Water Supply for use on South African farms . Recently I have noticed signs of resistance to thiabendazole in isolates of V. fungicola from South African mushroom farms where this fungicide is in use. The development of resistance to other fungicides of the benzimidazole group is to be expected according to Wuest et at. (1974) .
In 1981 Fletcher reported on very encouraging results obtained with a fungicide, prochloraz-manganese, manufactured by FBC Limited of Chesterford Park, Cambridge, UK. This fungicide proved to be very successful (Van Zaayen & Adrichem 1982) .
The aim of the present investigation is to determine the activity of prochloraz-manganese in controlling the mushroom pathogens V. fungicola and M. perniciosa under South African growing conditions, with the aim of petitioning for its registration in this country.
Materials and Methods
The fungicide In all trials of the present investigation Prochloraz-Manganese Complex 50% WP (Sportak 50WP) was used . Various formulations of prochloraz are available. According to Fletcher & Hims (1981) , most successful results were obtained with prochloraz-manganese complex. Prochloraz is a member of the imidazole group of fungicides with the code number BTS 40542 and the chemical name 1- [N-propyl-N-[2-(2,4,6 trichloro-phenoxy) 
The fungal pathogens
In vitro sensitivity of mycelial growth was determined on various isolates of virulent strains of Verticillium fungicola var. fungicola isolated from infected basidiocarps of Agaricus bisporus on South African mushroom farms of Transvaal, Natal and the Cape Province and M . perniciosa isolated from a mushroom grown at the Dennehof production unit of Tongaat Mushrooms (Pty) Ltd. on 1983-07-22. The isolates were maintained on potato dextrose agar (Difco).
In vitro studies
In vitro sensitivity of mycelial growth of the above isolates was tested using potato dextrose yeast agar (1 ,5 OJo Difco yeast extract) to which prochloraz-manganese was added in a series of concentrations taken from previously prepared stock solutions in acetone. Since prochloraz is sensitive to light, stock solutions were kept in the dark. In all experiments, fungicide concentrations of O,OI; 0,05; 0,10; 0,50; I,O; 5,0 and 10,0 mg dm -3 (p.p.m.) were used. Controls included plates with 10 cm 3 acetone/ plate, fungicide-free plates and acetone-free plates.
The plates were inoculated with an inverted disc (diameter 5 mm) of agar with mycelium cut aseptically from the edge of I-week-old, actively growing colonies of the pathogens on potato dextrose agar. The inoculated test plates were incubated at 24 oc for 2 weeks after .which radial growth of the colonies was measured along two perpendicular axes through the centre of each colony.
To determine the toxicity of prochloraz-manganese to the mushroom mycelium, the same method as above was employed (Table I) . Inoculation discs were cut from 2-week-old cultures of A. bisporus grown on malt agar (Difco). Two strains commonly grown in South Africa were used viz . the white strain (Hauser AX60) and the brown strain (Hauser C3).
Pilot mushroom-production experiments
Mushrooms were grown in the phytotron of the University of Pretoria under conditions comparable to commercial production (Eicker I98I) . A. bisporus strain Hauser AX60 was grown and a peat/ calcite mixture was used as casing material. Asbestos trays (Everite 582-280) with dimensions of 390 x 390 x 390 mm were filled with through-grown mushroom compost. Each tray received 7 kg compost (moist mass) and was cased with a 50-mm layer of peat/ calcite mixture. Fungicide was applied 9 days after casing and a second application was made just after harvesting of the first break of mushrooms. Sportak 50WP was ' watered' onto the casing at a rate of I dm 3 water m -2 to give a fungicide quantity of I,5 g a.i. m -2 • Experimental trays were inoculated with a conidial suspension of V. fungicola 5 days after casing. The conidial inoculum was obtained from sporulating 2-week-old cultures on potato dextrose agar. The plates were flooded with sterile distilled water and the conidia removed by rubbing the surface of the fungus colony lightly with a bent glass rod (Gandy & Spencer I978) . The conidial suspension was shaken vigorously for 30 min to break up the slimy conidial heads. Each plot, Table 1 The effect of prochloraz-manganese complex on the vegetative growth of two strains of the cultivated mushroom. S.-Afr. Tydskr. Plantk ., 1987, 53(5) representing O, I52 m 2 , was inoculated with the fungal pathogen by atomizing a 20-cm 3 conidial suspension containing ca. I 0 000 conidia em -3 • During the inoculation and 2 h after, the control trays which were not inoculated were covered with plastic sheets and the ventilation of the growing room was also shut off to prevent contamination. The percentage occurrence of V. fungicola on each tray (plot) was assessed by counting the number of diseased basidiocarps from each treatment and expressing it as a percentage of the total number of basidiocarps of each plot of the particular treatment. The production of mushrooms, in kg m-2 , for each treatment was also recorded. The results reflect all mushrooms harvested, including diseased basidiocarps, which would not be marketable in commerce. The results of two trials, comprising the full growing cycle of a normal mushroom crop, are presented in Figure 3 .
Commercial mushroom-production experiments Experiments using prochloraz-manganese were performed in mushroom production rooms without inoculating the plots with pathogens. This was done because it is impracticable to discontinue mushroom production in a commercial production unit and also as mushroom growers would be reluctant to allow artificial spreading of pathogenic fungi on their farms. Two experiments were conducted in such rooms at the Dennehof production unit of Tongaat Mushrooms (Pty) Ltd, Lyttleton in growing rooms that were chosen for their consistently high disease incidence. Each experiment was done on a crop grown in 30 wooden growing trays having a surface area of 0,558 m 2 each and a depth of O,I8 m. Each tray received 30 kg (fresh) through-grown compost and was cased with a 50-mm layer of a peat/calcite casing material. Half of the trays received a prochloraz-manganese treatment as outlined above (Pilot mushroom production), while the rest of the trays served as untreated control trays. The treated and untreated trays were stacked randomly in the growing room.
The incidence of naturally occurring V. jungicola was assessed by counting the number of diseased basidiocarps from each treatment and expressing it as a percentage of the total number of basidiocarps of all the plots of the particular treatment. The production of mushrooms, in kg m-2 , including diseased basidiocarps, was also recorded. The results of two trials conducted during October I984 and February I985 are presented in Figure 4 .
Determination of the persistence of prochloraz residues Mushrooms were grown under commercial conditions at the Dennehof production unit as described above. Some trays received a 'normal' treatment of prochloraz-manganese (1 ,5 g a.i. m-2 ), while other trays received a 'double' treatment (3,0 g m -2 ). The fungicide was watered onto the cased compost 9 days after casing. Control trays received water only. Normal and double treatments were also applied to some trays between the first and second break of mushrooms in order to test the influence of a shorter period between treatment and harvesting, in some instances only 3 days. Mushrooms were harvested randomly from trays of each treatment. · The samples were submitted to the South African Bureau of Standards to test for prochloraz residue. The analysis was carried out in duplicate employing a gas chromatographic method. A recovery determination was carried out by adding a known amount of prochloraz to a portion of the untreated control sample and analysing this concurrently with the samples.
Results

In vitro studies
At the concentrations tested, prochloraz-manganese had very little influence on the vegetative growth of the two strains of A . bisporus (fable 1). Even at a concentration of 10 mg dm-3 the radial growth of the mushroom mycelium was not significantly suppressed. However, at this concentration the fungicide drastically suppressed the growth of the two fungal pathogens tested.
Figures 1 & 2 represent the results of experiments with 10 replications of each prochloraz-manganese concentration performed with the pathogen isolates. Mycelial growth of V. fungicola was severely inhibited even by low concentrations of prochloraz-manganese (Figure 1) . In all the experiments the ED50 values of the fungicide was found to be ca. 2 mg dm-3 • M. perniciosa was even more sensitive to the presence of this fungicide, with an ED50 value of less than 0,01 mg dm-3 (Figure 2 ).
Pilot mushroom-production experiments
The application of 1 ,5 g a.i. prochloraz-manganese 9 days after casing and the same amount between the second and third breaks apparently had no influence on mushroom yield (Figure 3 ). This treatment however drastically reduced the incidence of V. jungicola symptoms when compared with untreated inoculated trays. On these control trays ca. 4207o of the basidiocarps showed symptoms of 'dry bubble' while only 7,3% of the basidiocarps on the experimental trays were affected by the disease. Six percent of basidiocarps of the control trays that were not artificially infected with V. fungicola showed symptoms of the disease. This can be due to natural infection and also possibly to contamination from neighbouring inoculated trays, probably due to water splatter during watering operations.
Commercial mushroom-production experiments
The commercial trials substantiate results found with the pilot mushroom production experiments. Prochloraz-manganese treatment at the recommended dosage rate does not affect mushroom yield adversely. Although the plots were uninoculated, a certain degree of V. jungicola infection did occur (Figure 4 ) but the fungicide-treated trays were much less affected. This fungicide clearly controls 'dry bubble' satisfactorily.
Persistence of prochloraz residues
The South African Bureau of Standards reported extremely low prochloraz residue levels (Table 2 ). When applied at normal dosages the crop residue is 0,1 mg kg-I. At even double the recommended application rate, prochloraz residues were only 0,18 mg kg-I. Fletcher eta!. (1983) considers an acceptable residue limit to be in the region of 0,2 mg kg-1 fresh mass of mushroom. At the extremely low concentration of the fungicide at the recommended dosage, prochlorazmanganese can therefore pose no threat to the consumer. Figure 2 In vitro sensitivity of Mycogone perniciosa to prochloraz-manganese complex fungicide. 
Discussion
This investigation demonstrated conclusively that Sportak 50 WP effectively controls V. fungicola, South Africa's most important mushroom fungal pathogen. The remarkable effectiveness of this fungicide was particularly evident in the pilot mushroom-growing experiments when the experimental trays were inoculated with very high densities of conidia of the pathogen. Although no trials were performed with trays inoculated with Mycogone perniciosa and although this pathogen was S.-Afr. Tydskr. Plantk., 1987, 53(5) not observed on the trays of the commercial trials, the results of the in vitro experiments indicate that prochloraz-manganese would most probably also control this pathogen effectively.
Prochloraz-manganese was found to be non-toxic to the cultivated mushroom and no evidence of any reduction in yield after the split application of the fungicide could be found.
